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Objectives of the Facility

* variable density

* tunable kinematic viscosity

* high Reynolds numbers

* high Rayleigh numbers

* dissipation scales resolvable by Lagrangian Particle Tracking

* mean flows sufficiently slow for observations
* affordable

=» use of room temperature gases at pressures 1mBar to 20 Bar
(Air, Nitrogen, Helium, SF)
=» pressure vessels and gas handling system
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Gas handling facility:

* storage of 13 tons of SF
* fill station and liquefier

* pressure Imbar to 19 bar
* other gases
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Variable Density Turbulence Tunnel

(2009)
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Two heat exchanges, measureme
cooling power: 240kW

Total weight:
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Passive grid turbulence

Heat Exchanger Probes on a 2D traverse
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biplanar mesh of square bars with 35% solidity
mesh spacing, M = 107 mm

probes are x/M = 67 meshes downstream
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M =163 mm

130 independent position controlled winglets
rotate through 180 degrees at up to 2 Hz
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M =163 mm
130 independent position controlled winglets
rotate through 180 degrees at up to 2 Hz
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4 cameras that drive with mean flow

up to Sm/sec




ultra-high Reynolds number
at measurable scales

Working fluid  Pressure P 2 Motor Power | U u’ € Ty
(bar)  (kg/m3) (10~%m?%s) (kW) ( m/s‘ (m/s)  (m?%/s3) (pm)  (ms)
SFg 15 106.6 0.16 168 1.0 2x10° 75 035

SFg 15 106.6 0.16 1.3 0.2 25 4.0
SFg ; 65.6 0.24 104 1.0 10 043

SFs 5.86 2.64 9.2 1.0 61 1.4

Air : 19.4 0.93 1.0 38 1.0

Air : 19.4 0.93 0.2 95 9.6

Air Z 12.9 1.4 1.0 38 1.0

Air 1.29 14.0 1.0 210 3.2
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Table 1: Estimated parameters in the Gottingen turbulence tunnel using active grids. The integral length scale is assumed to
be L = 0.45D = 0.68m. The turbulence intensity is assumed to be u’ /U = 25%.

Change by 1. kinematic viscosity
2. driving

particle tracking will be possible.




Particle Dynamics Facility (Cigar)
pressure vessel 1 mbar — 20 bar
S5m long — 1.5m diameter
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High Pressure Convection Facility (Uboot)
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The Uboot

|
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pressure
temperature
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The convection cell in the Uboot

D=1.1m
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mean temp colder than Uboot
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mean temp colder than Uboot
Inclined by 0.8 degree
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two states only
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Heat Exchanger o_ .o g Probes on a 2D traverse
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biplanar mesh of square bars with 35% solidity
mesh spacing, M = 107 mm

probes are x/M = 67 meshes downstream



Conditions under which data were

taken
Working Pressure p v U u' € R n T
fluid [Bar] [kg/m®] [10-6m?s] | [m/s] [m/s] [m?%s?] [pum] [ms]
Air 1 1.29 14.0 5.1 0.12 00080 148 806 43
SF; 1 5.96 2.56 50 010 0008 204 215 18
SE; 2 12.1 1.27 52 012 0014 441 111 0.7
SFK; 4 24.7 0.620 5.1 0.11 00098 624 70 8.0
SE; 12 82.9 0.190 52 013 0013 1285 27 3.9
SFK; 15 108 0.149 52 013 00099 1706 24 3.9

Table 1. A list the parameters for the passive grid experiments. In the calculation of R, we determined the dissipation
rates, e, through Kolmogorov’s 5/4**¢ law and the Taylor scale through the isotropic relation A, = (150u?/e)'/2.
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Local slope of second order longitudinal
velocity structure functions
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3 order velocity structure functions
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Energy Spectra
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Predicted properties for the
active grid

Working Pressure p v U u' € R n Tn
fluid [Bar]  [kg/m*] [10-6m%s] | [m/s] [m/s] [m%s?] [pm] [ms]
Air 1 1.29 14.0 5.0 1.0 1.33 850 210 32
SFg 1 5.86 2.64 5.0 1.0 1.33 2000 6l 1.4
SFg 15 107 0.15 5.0 1.0 1.33 8000 75 035

Table 1. Parameters predicted for the active grid.



We have given a summary of the Goettingen Turbulence
facility — more at http://www.ds.mpg.de
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